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(54) Optical pickup device and optical recording medium driving apparatus comprising the same 



(57) An optical pickup device has a case construct- 
ed by joining a lower frame member and an upper frame 
member. A semiconductor laser device, a three-beam 
generating diffraction grating, a transmission type holo- 
graphic optical element, and a reflecting mirror are ar- 
ranged in the lower frame member A lead frame is ar- 
ranged in the lower frame member. The semiconductor 
laser device is arranged on the lead frame through a 
heat sink, to emit laser light in a horizontal direction. A 
photodiode and the lead frame are arranged in the upper 
frame member. The photodiode has a light receiving 
surface parallel to the direction of light emission from 
the semiconductor laser device, and is mounted on the 



lead frame. The laser light emitted from the semicon- 
ductor laser device passes through the three-beam gen- 
erating diffraction grating and the transmission type ho- 
lographic optical element, and is then bent upward and 
introduced into an optical recording medium. Returned 
light reflected from a recording surface of the optical re- 
cording medium is changed in a direction parallel to the 
direction of light emission from the semiconductor laser 
device, passes through the transmission type holo- 
graphic optical element and the three-beam generating 
diffraction grating again, is then changed vertically up- 
ward by the reflecting mirror, and is incident on the pho- 
todiode. 
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D scription 

The present invention relates to an optical pickup 
device using a diffraction element such as a holographic 
optical element and an optical recording medium driving 
apparatus comprising the same. 

I n recent years, an optical pickup device using a ho- 
lographic optical element has been studied and devel- 
oped with demands for the miniaturization and the light 
weight as well as the low cost of the optical pickup de- 
vice. This type of optical pickup device is disclosed in 
Japanese Patent Laid-Open No. 124205/1996, for ex- 
ample. Fig. 35 is a side view showing the schematic con- 
struction of a conventional optical pickup device, and 
Fig. 36 is a plan view showing the schematic construc- 
tion of the conventional optical pickup device. 

In Figs. 35 and 36, in the conventional optical pickup 
device, an electrically conducting heat sink 3, a semi- 
conductor laser device 5, a transmission type three- 
beam generating diffraction grating 6, a transmission 
type holographic optical element 7, and a reflecting mir- 
ror 8 are arranged on a main surface of a substrate 2. 

The substrate 2 is made of an electrically conduct- 
ing semiconductor material such as n-type Si (silicon), 
a good thermal conductive material composed of an 
electrically conducting metal such as copper, resin, or 
the like. 

The semiconductor laser device 5 formed on an n- 
type Si semiconductor substrate is put on the electrically 
conducting heat sink 3. A pin photodiode 4a is formed 
on a main surface of the electrically conducting heat sink 
3, and a photodiode 4b for information signal detection 
is formed beside the photodiode 4a. Further, the semi- 
conductor laser device 5 is mounted on the main su rface 
of the electrically conducting heat sink 3. The transmis- 
sion type three-beam generating diffraction grating 6 is 
fixed to a groove 2a of the substrate 2 so as to be posi- 
tioned ahead of a light emitting portion of the semicon- 
ductor laser device 5. The transmission type three- 
beam generating diffraction grating 6 has a diffraction 
grating surface 6a composed ol concavities and con- 
vexities at an equal pitch on its surface on the side of 
the semiconductor laser device 5, and divides laser light 
emitted from the semiconductor laser device 5 into zero- 
order, + 1st-order and -1st-order diffracted light beams 
and emits the light beams. 

The transmission type holographic optical element 
7 is fixed to a groove 2b of the substrate 2 so as to be 
opposite to the transmission type three-beam generat- 
ing diffraction grating 6 on the light emission side of the 
transmission type three-beam generating diffraction 
grating 6. The transmission type holographic optical el- 
ement 7 comprises a transparent substrate having a ho- 
lographic functional surface 7a composed of a group of 
curves whose concavities and convexities are at a grad- 
ually changed period formed on its surface on the side 
of the transmission type three-beam generating diffrac- 
tion grating 6. 



The reflecting mirror 8 is fixed to a groove 2c of the 
substrate 2 so as to be inclined through an angle of 45° 
with the transmission type holographic optical element 
7 on the light emission side of the transmission type ho- 
s lographic optical element 7. The reflecting mirror 8 re- 
flects the three diffracted light beams passing through 
the transmission type holographic optical element 7 up- 
ward at approximately right angles. 

An objective lens 9 is arranged above the reflecting 
10 mirrorS, and focuses the diffracted light beams reflected 
by the reflecting mirror 8 on a recording surface of a re- 
flection type optical recording medium 1 , to form a main 
spot caused by the zero-order diffracted light beam and 
two sub-spots caused by the ± 1 st-order diffracted light 
1$ beams on both sides of the main spot. 

Furthermore, a reflecting mirror 10 focuses into the 
photodiode 4b the three returned light beams from the 
optical recording medium 1 which include information 
signals in the main beam and the two sub-beams ac- 
20 cording to the main spot and the two sub-spots respec- 
tively. 

In the above-mentioned optical pickup device, the 
laser light emitted from a rear facet of the semiconductor 
laser device 5 is received by the photodiode 4a. The 
25 photodiodo 4a outputs a signal corresponding to the 
amount of received output power of the laser light. An 
automatic power control circuit (not shown) controls the 
semiconductor laser device 5 such that light output pow- 
er of the laser light from the semiconductor laser device 
30 5 is constant on the basis of the signal from the photo- 
diode 4a. 

On the other hand, the laser light emitted- from a 
front facet of the semiconductor laser device 5 is divided 
into three zero-order and ± 1 st-order diffracted light 

35 beams by the transmission type three-beam generating 
diffraction grating 6, after which the three diffracted light 
beams are incident on the transmission type holograph- 
ic optical element 7. The three diffracted light beams 
passing through the transmission type holographic op- 

40 tical element 7 are reflected upward by the reflecting 
mirror 8, and are then focused as a main spot and two 
sub-spots by the optical recording medium 1 using the 
light-focusing function of the objective lens 9. The three 
diffracted light beams focused as the main spot and the 

45 two sub-spots on the optical recording medium 1 are re- 
flected as three returned light beams including the infor- 
mation recorded on the optical recording medium 1 on 
the surface of the optical recording medium 1 . The three 
returned light beams pass through the objective lens 9 t 

50 js reflected by the reflecting mirror 8, and is then incident 
on the transmission type holographic optical element 7. 

The three returned light beams passing through the 
transmission type holographic optical element 7 by 1 st- 
order (or - 1 st-ord r) diffraction pass abov the diff rac- 

55 tion grating surface 6a of the transmission type three- 
beam generating dilfraction grating 6, are then reflected 
downward by the reflecting mirror 10, and are incident 
on the photodiode 4b. 
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A reproducing signal, a focus error signal produced 
by a well-known astigmatism method, and a tracking er- 
ror signal caused by a well-known three-beam method 
are obtained on the basis of the returned light beams 
incident on the photodiode 4b. Consequently, playback 
of the information recorded on the optical recording me- 
dium 1, tracking servo and focusing servo are per- 
formed. 

In the optical pickup device, the photodiode 4b for 
returned light detection and the semiconductor laser de- 
vice 5 are provided on the common main surface of the 
electrically conducting heat sink 3. Therefore, a lead 
frame member electrically connected to the photodiode 
4b and a lead frame member electrically connected to 
the semiconductor laser device 5 are flush with each 
other. Therefore, the width of a case of the optical pickup 
device is increased, so that the optical pickup device is 
increased in size. 

In the above-mentioned optical pickup device, the 
reflecting mirror 10 is movably and rolatably mounted in 
order that the returned light beams reflected by the op- 
tical recording medium 1 are incident on the photodiode 
4b in their most suitable states. Therefore, a mounting 
mechanism of the reflecting mirror 10 is complicated 
and is increased in size, so that the thickness of the case 
of the optical pickup device is increased. 

Furthermore, the fabricating steps of the optical 
pickup device comprise the output inspecting step of the 
semiconductor laser device 5. Fig. 37 is an explanatory 
view of the step of inspecting the semiconductor laser 
device in the conventional optical pickup device shown 
in Figs. 35 and 36. The inspecting step is carried out in 
a state where the electrically conducting heat sink 3 and 
the semiconductor laser device 5 are arranged on the 
main surface of the substrate 2, laser light B is emitted 
from the semiconductor laser device 5, and the light in- 
tensity distribution of the laser light B is detected ahead 
of the semiconductor laser device 5. The light intensity 
distribution of the laser light B is referred to as a far-field 
pattern FFR The divergence angle and the shift in po- 
sition of the optical axis of the laser light B from the sem- 
iconductor laser device 5 are detected by measuring the 
half-width W and the peak position Pof the light intensity 
on the basis of the far-field pattern FFR 

In the above-mentioned optical pickup device, how- 
ever, the laser light from the semiconductor laser device 
5 is emitted approximately parallel to the main surface 
of the substrate 2, and is radially enlarged as it travels. 
Therefore, a part of the laser light B enlarged toward the 
main surface of the substrate 2 is prevented from direct- 
ly traveling upon striking the main surface of the sub- 
strate 2, so that a missing portion L occurs in the far- 
field pattern FFR Therefore, an accurate far-field pat- 
tern FFP is not obtained, so that errors occur in the 
spreading inspection and the inspection of the shift in 
position of the laser light from the semiconductor laser 
device 5. 

An object of the present invention is to provide a 
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small-sized optical pickup device in which lead frame 
members are prevented from being flush with each oth- 
er and an optical recording medium driving apparatus 
comprising the same. 

5 Another object of the present invention is to provide 
an optical pickup device in which an adjusting mecha- 
nism for making such adjustment that a light beam re- 
flected by an optical recording medium is incident on the 
most suitable position of a photodetectorand an optical 

10 recording medium driving apparatus comprising the 
same. 

Still another object of the present invention is to pro- 
vide an optical pickup device in which laser light emitted 
from a semiconductor laser device is prevented from 

15 traveling by another member and an optical recording 
medium driving apparatus comprising the same. 

An optical pickup device according to the present 
invention comprises a first supporting member, a sec- 
ond supporting member arranged on the first supporting 

20 member, a first lead frame member provided in the first 
supporting member, a second lead frame member pro- 
vided in the second supporting member, a light source 
provided in the first supporting member and electrically 
connected to the first lead frame member for emitting 

2S light, and a photodetcctor provided in the- second sup- 
porting member and electrically connected to the sec- 
ond lead frame member for detecting returned light 
based on the light emitted from the light source. 

In the optical pickup device according to the present 

30 invention, the first lead frame member electrically con- 
nected to the light source is provided in the first support- 
ing member, and the second lead frame member elec- 
trically connected to the photodetector is provided in the 
second supporting member. The second supporting 

35 member is arranged on the first supporting member. 
Therefore, the first supporting member and the second 
supporting member are arranged apart from each other 
in the direction in which the first supporting member and 
the second supporting member are laminated. Conse- 
co quently, the width of a case of the optical pickup device 
comprising the first supporting member and the second 
supporting member is decreased, so that it is possible 
to miniaturize the optical pickup device. 

Particularly, the first supporting member has a first 

45 surface, the second supporting member has a second 
surface opposite to the first surface so as to be approx- 
imately parallel thereto, the light source is so arranged 
as to emil the light in a direction parallel to the first sur- 
face, and the photodetector is so arranged as to receive 

so the returned light incident thereon in a direction parallel 
to the second surface. 

In this case, the light emitted from the light source 
is omitted in the direction parallel to the first surface of 
the first supporting member, and the returned light re- 

55 fleeted by the optical recording medium is incident in the 
direction parallel to the second surface of the second 
supporting member. The incident returned light is inci- 
dent on the photodetector provided in the second sup- 
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porting member. The light emitted from the light source 
and the returned light travel in a direction parallel to the 
first and second surfaces which are parallel to each oth- 
er. Consequently, it is possible to decrease the thick- 
ness of the optical pickup device in a direction perpen- 
dicular to the direction of travel of the tight. 

Particularly, the first supporting member and the 
second supporting member respectively have joint sur- 
faces parallel to the first surface, and the first supporting 
member and the second supporting member are joined 
to each other so as to be relatively movable along the 
joint surfaces at the time of assembling. 

In this case, it is possible to make such adjustment 
that the position where the returned light is incident on 
the photodetector is the most suitable by relatively mov- 
ing the first supporting member and the second support- 
ing member along the joint surfaces. 

Particularly, the first lead frame member is so ar- 
ranged as to be parallel to the first surface, and the sec- 
ond lead frame member is so arranged as to be parallel 
to the second surface. 

Furthermore, optical pickup device may have a re- 
flecting member on said first supporting member for re- 
flecting and guiding the returned light to the photo de- 
tector. 

The first lead frame member has a projection pro- 
jecting from the first supporting member, and the second 
lead frame member has a projection projecting from the 
second supporting member 

Furthermore, it is preferable that the projection of 
the first lead frame member and the projection of the 
second lead frame member project in the same direc- 
tion. 

In this case, the first and second lead frame mem- 
bers project from respective one end surfaces of the first 
and second supporting members of the optical pickup 
device, so that it is easy to arrange an external connect- 
ing terminal connected to the first and second lead 
frame members. 

Particularly, it is preferable that the light source 
emits light from respective one ends of the first and sec- 
ond supporting members, and the respective projec- 
tions of the first and second lead frame members project 
from the other ends of the first and second supporting 
members. 

Such a shape makes it possible to obtain an optical 
pickup device whose width in a direction perpendicular 
to the direction of light emission is decreased. 

Particularly, it is preferable that the first lead frame 
member further has a heat radiating portion projecting 
from a side surface of the first supporting member 

In this case, heat from a heat generating member 
arranged in the first supporting member, for example, 
the light source can be discharged outward through the 
heat radiating portion of the first lead frame member, so 
that the operating characteristics of the optical pickup 
device are pr vented from varying due to the change in 
temperature. It is also possible that the heat radiating 



portion functions as an attaching portion to a housing of 
the optical pickup device. 

Particularly, the light source may be mounted on the 
first lead frame member, and the photodetector may be 
5 mounted on the second lead frame member. 

In this case, the light source is arranged in the first 
supporting member through the first lead frame mem- 
ber, and the photodetector is arranged in the second 
supporting member through the second lead frame 
10 member. Therefore, it becomes easy to make an elec- 
trical connection between the light source and the first 
lead frame member and an electrical connection be- 
tween the photodetector and the second lead frame 
member. 

15 Particularly, it is preferable that the optical pickup 
device comprises a heat sink arranged on the first lead 
frame member. In this case, heat generated at the time 
of operating the light source, for example, the semicon- 
ductor laser device is absorbed by a heat sink, so that 

20 \[ is possible to prevent the light output power charac- 
teristics of the semiconductor laser device from varying 
by heat generation. 

It is preferable that the light source is a semicon- 
ductor laser device arranged on the heat sink. In this 

25 caso, the semiconductor laser device is arranged on the 
first lead frame member through the heat sink. 

Particularly, the photodetector has a light receiving 
surface receiving the returned light, and the light receiv- 
ing surface is so arranged as to be parallel to the direc- 

30 tion of light emission from the light source. 

In this case, the direction of light emission from the 
light source and the light receiving surface of the pho- 
todetector are parallel to each other, so that it is possible 
to obtain an optical pickup device which is thinned in the 

35 direction in which the first supporting member and the 
second supporting member are laminated. 

Particularly, it is preferable that the second support- 
ing member has a covering portion for covering the pho- 
todetector, and at least the covering portion of the sec- 

40 ond supporting member is composed of a transparent 
material. 

The covering portion composed of the transparent 
material can transmit the returned light and guide the 
returned light into the light receiving surface of the php- 

45 todetector Further, the covering portion of the photode- 
tector prevents the vicinity of the photodetector and a 
connecting portion between an photodetecting portion 
and the second lead frame member from being dam- 
aged at the time of assembling the optical pickup device. 

50 Further, moisture is prevented from entering the photo- 
detector, so that the humidity resistance of the photode- 
tector is improved. 

Furthermore, the optical pickup device according to 
the present invention f urth r comprises a first diffraction 

55 element arranged on the light emission side of the sem- 
iconductor laser device for diffracting returned light 
based on the laser light emitted from the semiconductor 
laser device, and an optical system for guiding the re- 
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turned light diffracted by the first diffraction element into 
the photodetector. 

In this case, it is possible to diffract the returned light 
in a predetermined direction by the first diffraction ele- 
ment, change an optical path of the returned light by the 
optical system and guide the returned light into the pho- 
todetector. 

The optical pickup device may further comprise a 
third supporting member mounted on the first supporting 
member, and the first diffraction element may be mount- 
ed on the third supporting member. 

In this case, it is possible to easily arrange the first 
diffraction element in a predetermined position by 
mounting the third supporting member on the first sup- 
porting member 

Particularly, it is preferable that the first supporting 
member has a guide surface for guiding the third sup- 
porting member such that the first diffraction element is 
movable in the direction of light emission from the sem- 
iconductor laser device. 

In this case, it is possible to adjust the position of 
the focus of the laser light passing through the first dif- 
fraction element upon moving the first diffraction ele- 
ment in the direction of light emission from the semicon- 
ductor lasor device by moving the third supporting mom- 
ber along the guide surface of the first supporting mem- 
ber. 

The first diffraction element may be arranged on the 
first surface of the first supporting member In this case, 
the first diffraction element is directly arranged in the first 
supporting member, so that the position thereof is ad- 
justed. 

Particularly, it is preferable that the first diffraction 
element is a transmission type holographic optical ele- 
ment. 

Furthermore, the optical pickup device according to 
the present invention further comprises a second dif- 
* fraction element arranged between the semiconductor 
laser device and the first diffraction element for dividing 
the laser light emitted from the semiconductor laser de- 
vice into a plurality of light beams. 

In this case, it is possible to divide the laser light into 
a plurality of light beams by the second diffraction ele- 
ment, and perform reproducing of information recorded 
on the optical recording medium and tracking servo on 
a recording surface of the optical recording medium uti- 
lizing each of the light beams obtained by the division. 

The optical pickup device further comprises a fo- 
cusing element for focusing the laser light emitted from 
the semiconductor laser device on an optical recording 
medium. In this case, it is possible to focus the laser 
light on the recording surface of the optical recording 
medium by the focusing elemont to perform an opera- 
tion for reading out the information. 

Particularly, the optical pickup d vie further com- 
prises a reflecting memberarranged on the first support- 
ing memb r for reflecting and guiding the returned light 
to the light receiving surface of the photodetector. In this 
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case, it is possible to guide the returned light to the light 
receiving surface by changing the path of the returned 
light by the reflecting member. 

Furthermore, the photodetector has a light receiv- 

s ing surface for receiving the returned light and is so ar- 
ranged as to be perpendicular to the direction of light 
emission from the light source. 

In this case, the returned light from the optical re- 
cording medium is incident on the light receiving surface 

10 of the photodetector arranged so as to be perpendicular 
to the direction of light emission from the light source in 
a direction parallel to the second surface of the second 
supporting member Consequently, the necessity of 
changing the direction of the returned light in the direc- 
ts tion perpendicular to the direction of light emission from 
the light source is eliminated. Therefore, an optical sys- 
tem for changing the direction of the returned light in the 
perpendicular direction is omitted, so that the construc- 
tion of the optical pickup device is simplified. 

20 Particularly, it is preferable that the light source is 
mounted on the first lead frame member and the pho- 
todetector is mounted on the second lead frame mem- 
ber. Further, it is preferable that the light source is a sem- 
iconductor laser device for emitting the laser light. 

25 Particularly, the second supporting member has a 
third surface perpendicular to the direction of light emis- 
sion of the semiconductor laser device, a folded portion 
folded along the third surface is formed at a leading end 
of the second lead frame member, and the photodetec- 

30 tor is arranged in the folded portion of the second lead 
frame member. 

In this case, the leading end of the second lead 
frame member is folded along the third surface of the 
second supporting member perpendicular to the direc- 

35 tion of light emission from the semiconductor laser de- 
vice, and the photodetector is arranged in the folded por- 
tion, so that the light receiving surface of the photode- 
tector is so arranged as to be perpendicular to the di- 
rection of light emission from the semiconductor laser 

40 device. Consequently, the necessity of an optical sys- 
tem for changing the direction of the returned light in the 
direction perpendicular to the direction of light emission 
is eliminated, so that it is possible to simplifying the con- 
struction of the optical pickup device. 

45 Particularly, it is preferable that the optical pickup 
device comprises a first diffraction element arranged on 
the light emission side of the semiconductor laser device 
for diffracting returned light based on the laser light emit- 
ted from the semiconductor laser device and guiding the 

50 returned light into the photodetector. 

Consequently, it is possible to diffract the returned 
light by the first diflraction element, and guide the re- 
turned light into the photodetector whose light receiving 
surface is arranged in the direction perpendicular to the 

ss direction of light emission from the semiconductor laser 
device. 

Particularly, the optical pickup device may further 
comprise a third supporting member mounted on the 
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first supporting member, and the first diffraction element 
may be mounted on the third supporting member. 

In this case, the first diffraction element is placed in 
a predetermined position of the first supporting member 
by mounting the third supporting member on the first 
supporting member. 

Particularly, it is preferable that the first diffraction 
element is a transmission type holographic optical ele- 
ment. Further the optical pickup device may further 
comprise a second diffraction element arranged be- 
tween the semiconductor laser device and the first dif- 
fraction element for dividing the laser light emitted from 
the semiconductor laser device into a plurality of light 
beams. 

In this case, it is possible to perform reproducing of 
information recorded on the optical recording medium 
and perform tracking servo on a recording surface of the 
optical recording medium using a plurality of light beams 
obtained upon being divided by the second diffraction 
element. 

Furthermore, it is preferable that the optical pickup 
device further comprises a focusing element for focus- 
ing the laser light emitted from the semiconductor laser 
device on the optical recording medium. Consequently, 
it is possible to accurately focus the laser light on the 
optical recording medium. 

Particularly, it is preferable that the first supporting 
member has a flat shape parallel to the first surface. 
Consequently, it is possible to obtain a thin-shaped op- 
tical pickup device in which the thicknesses of the first 
and second supporting members are decreased. 

Furthermore, it is preferable that a notch for passing 
the light emitted from the light source is formed at a lead- 
ing end of the first supporting member in the direction 
of light emission. 

In this case, a part of the light emitted from the tight 
source is prevented from being missed by striking the 
leading end of the first supporting member. Conse- 
quently, in the step of inspecting the light source in the 
optical pickup device, it is possible to detect a far-field 
pattern which is prevented from being missed by laser 
light to make highly precise inspection. 

Particularly, the optical pickup device may further 
comprise a first diffraction element for diffracting re- 
turned light based on the light emitted from the light 
source, and the leading end of the first supporting mem- 
ber may have a supporting surface for supporting the 
first diffraction element. 

The semiconductor laser device is inspected before 
the first diffraction element is arranged. The notch 
formed on the supporting surface prevents a part of the 
laser light emitted from the semiconductor laser device 
from being missed by striking a leading end of the sup- 
porting surface. Consequently, it is possible to make 
highly precise inspection of the semiconductor laser de- 
vice in the optical pickup device by detecting a far-field 
pattern which is prevented from being missed by the la- 
ser light. 
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Furthermore, it is preferable that the light source 
comprises a semiconductor laser device, the semicon- 
ductor laser device emits laser light in the shape of an 
ellipse in cross section having a major axis in a direction 
5 perpendicular to the supporting surface, and the notch 
is provided on the supporting surface. 

Furthermore, the laser light is in a cross-sectional 
shape which is wide in the direction perpendicular to the 
supporting surface, so that the notch is provided on the 
10 supporting surface to prevent the laser light from 
traveling. 

Furthermore, an optical pickup device according to 
the present invention comprises a semiconductor laser 
device for emitting laser light, and a first supporting 

is member having a first supporting surface for supporting 
the semiconductor laser device. A notch for passing the 
laser light emitted from the semiconductor laser device 
is provided at a leading end of the first supporting mem- 
ber extending in the direction of light emission from the 

20 semiconductor laser device. 

In this case, the notch prevents a part of the laser 
light emitted from the semiconductor laser device from 
being missed by striking the leading end of the first sup- 
porting member In the step of inspecting the semicon- 

25 ductor laser dovice in the optical pickup device, there- 
fore, it is possible to make highly precise inspection by 
detecting a far-field pattern which is prevented from be- 
ing missed by the laser light. 

Particularly, the optical pickup device may further 

30 comprise a transmission type diffraction element for dif- 
fracting returned light based on the laser light emitted 
from the semiconductor laser device, and the leading 
end of the first supporting member may have a support- 
ing surface for supporting the transmission type diffrac- 
ts tion element. 

The semiconductor laser device is inspected before 
the transmission type diffraction element is arranged. 
The notch formed on the diffraction element supporting 
surface prevents a part of the laser light emitted from 

40 the semiconductor laser device from being missed by 
striking a leading end of the diffraction element support- 
ing surface. Consequently, it is possible to make highly 
precise inspection of the semiconductor laser device in 
the optical pickup device by detecting a fat-field pattern 

45 which is prevented from being missed by the laser light. 
Particularly, it is preferable that the semiconductor 
laser device emits laser light in the shape of an ellipse 
in cross section having a major axis in a direction per- 
pendicular to the diffraction element supporting surface, 

50 and the notch is provided on the diffraction element sup- 
porting surface. In this case, the laser light is in a cross- 
sectional shape which is wide in a direction perpendic- 
ular to the diffraction element supporting surface. There- 
fore, the notch is provided on the diffraction element 

55 supporting surface to prevent the laser light from 
traveling. 

Particularly, it is preferable that the optical pickup 
device further comprises a second supporting member 
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having a second supporting surface approximately par- 
allel to the first supporting surface of the first supporting 
member and joined to the first supporting member, a 
photodetector arranged on the second supporting sur- 
face of the second supporting member for receiving the 5 
returned light, and an optical system for guiding the re- 
turned light passing through the transmission type dif- 
fraction element into the photodetector. 

Consequently it is possible to obtain an optical pick- 
up device capable of accurately inspecting the semicon- 10 
ductor laser device in the fabricating steps and thinned. 

An optical recording medium driving apparatus ac- 
cording to the present invention comprises an optical 
pickup device for emitting light to an optical recording 
medium and receiving returned light from the optical re- is 
cording medium, a rotating mechanism for rotating the 
optical recording medium, an optical pickup driving 
mechanism for moving the optical pickup device along 
the radius of the optical recording medium, and a proc- 
essor for processing a signal outpulled from the optical 20 
pickup device. The optical pickup device comprises a 
first supporting member, a second supporting member 
arranged on the first supporting member, a first lead 
frame member provided in the first supporting member, 
a second lead frame member provided in the second 2s 
supporting member, a light source provided in the first 
supporting member and electrically connected to the 
first lead frame member for emitting light, and a photo- 
detector provided in the second supporting member and 
electrically connected to the second lead frame member 30 
for detecting returned light based on the light emitted 
from the light source. 

In this case, the first lead frame member and the 
second lead frame member are so arranged as to be 
overlapped with each other in the direction in which they 35 
are laminated, whereby a small-sized optical pickup de- 
vice whose width is decreased is obtained. Therefore, 
it is possible to miniaturize the optical recording medium 
driving apparatus by using the miniaturized optical pick- 
up device. *o 

Additionally an optical recording medium driving 
apparatus according to the present invention comprises 
an optical pickup device for emitting laser light to an op- 
tical recording medium and receiving returned light from 
the optical recording medium, a rotating mechanism for *s 
rotating the optical recording medium, an optical pickup 
driving mechanism for moving the optical pickup device 
along the radius of the optical recording medium, and a 
processor for processing a signal outputted from the op- 
tical pickup device. The optical pickup device comprises so 
a semiconductor laser device for emitting laser light, and 
a first supporting member having a first supporting sur- 
face for supporting the semiconductor laser device. A 
notch for passing the laser light emitted from the semi- 
conductor laser device is provided at a leading end of ss 
the first supporting member extending in the direction of 
light emission from the semiconductor laser device. 

Consequently, it is possible to obtain an optical re- 
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cording medium driving apparatus capable of accurately 
inspecting the semiconductor laser device in the fabri- 
cating steps and miniaturized using the miniaturized op- 
tical pickup device. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

Fig. 1 is a sectional side elevation showing the con- 
struction of an optical pickup device according to a 
first embodiment of the present invention; 
Fig. 2 is a plan view showing the construction of the 
upper surface of a lower frame member of the opti- 
cal pickup device shown in Fig. 1 ; 
Fig. 3 is a plan view showing the construction of the 
lower surface of an upper frame member of the op- 
tical pickup device shown in Fig. 1 ; 
Fig. 4 is a perspective view showing the appear- 
ance of the optical pickup device shown in Fig. 1 ; 
Fig. 5 is a perspective view showing the appear- 
ance of the optical pickup device shown in Fig. 1 ; 
Figs. 6A and 6B are plan views showing the con- 
struction of a photodiodo in the optical pickup de- 
vice shown in Fig. 1 ; 

Fig. 7 is a side view showing the travel of laser light 
in the optical pickup device shown in Fig. 1; 
Fig. 8 is a top view showing the travel of laser light 
in the optical pickup device shown in Fig. 1; 
Fig. 9 is a sectional side elevation showing the con- 
struction of another example of the optical pickup 
device shown in Fig. 1 ; 

Fig. 1 0 is an exploded perspective view showing the 
construction of an optical pickup device according 
to a second embodiment of the present invention; 
Fig. 11 is a perspective view showing the construc- 
tion of a lower Irame member of the optical pickup 
device shown in Fig. 10; 

Fig. 12 is a perspective view showing the construc- 
tion of an upper frame member of the optical pickup 
device shown in Fig. 10; 

Fig. 13 is a perspective view showing the appear- 
ance of the optical pickup device shown in Fig. 10; 
Fig. 14 is a sectional side elevation showing the 
construction of the optical pickup device shown in 
Fig. 10; 

Figs. 15 is a diagram showing a slate where the low- 
er frame member and a holographic optical element 
are joined to each other in the optical pickup device 
shown in Fig. 10; 

Fig. 1 6 is an exploded perspective view showing the 
construction of an optical pickup device according 
to a third embodiment; 

Fig. 17 is a perspective view showing the appear- 
ance of the optical pickup device shown in Fig. 1 6; 
Fig. 18 is a sectional side elevation showing the 
construction of the optical pickup device shown in 
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Fig. 16; 

Fig. 19 is a plan sectional view showing the con- 
struction of the optical pickup device shown in Fig. 
16; 

Fig. 20 is a perspective view showing a state where 
the optical pickup device shown in Fig. 16 is assem- 
bled; 

Fig. 21 is a sectional side elevation showing an op- 
tical pickup device according to a fourth embodi- 
ment of the present invention; 
Fig. 22 is a perspective view showing an upper 
frame member of the optical pickup device shown 
in Fig. 21; 

Fig. 23 is a perspective view showing the appear- 
ance of an optical pickup device according to a fifth 
embodiment of the present invention; 
Fig. 24 is an exploded perspective view of the opti- 
cal pickup device shown in Fig. 23; 
Fig. 25 is a front sectional view of the optical pickup 
device shown in Fig. 23; 

Fig. 26 is a sectional side elevation showing the op- 
tical pickup device shown in Fig. 23; 
Fig. 27 is a plan view showing an upper frame mem- 
ber of the optical pickup device shown in Fig. 23; 
Fig, 28 is a plan view showing a lower frame mem- 
ber of the optical pickup device shown in Fig. 23; 
Fig. 29 is a sectional side elevation of the optical 
pickup device according to a sixth embodiment of 
the present invention; 

Fig. 30 is an exploded perspective view showing a 
light receiving unit of the optical pickup device 
shown in Fig. 29; 

Fig. 31 is a perspective view showing the appear- 
ance of a state where the light receiving unit shown 
in Fig. 30 is assembled; 

Fig. 32 is a sectional side elevation of the light re- 
ceiving unit shown in Fig. 31 ; 
Fig. 33 is an explanatory view showing the step of 
inspecting the semiconductor laser device; 
Fig. 34 is a block diagram showing the construction 
of an optical recording medium driving apparatus 
using an optical pickup device; 
Fig. 35 is a sectional side elevation of a convention- 
al optical pickup device; 

Fig. 36 is a plan view of the conventional optical 
pickup device; 

Fig. 37 is an explanatory view showing the step of 
inspecting a semiconductor laser device in the con- 
ventional optical pickup device. 

Referring now to the drawings, preferred embodi- 
ments of the present invention will be described. 

(1) First Embodiment 

An optical pickup device according to a first embod- 
iment is illustrated in Figs. 1 to 5. In Figs. 1 to 3, the x- 
axis, the y-axis, and the z-axis are entered in order that 



directions in three dimensions will be clear. The x-axis 
direction is a vertical direction, the z-axis direction is the 
direction of light emission from a semiconductor laser 
device, and the y-axis direction is a horizontal direction 

s perpendicular to an x-z plane. The definitions of the x to 
z axes are the same in all the following embodiments. 

In Figs. 1 to 5, a light emitting and receiving unit of 
the optical pickup device has a case constructed by fix- 
ing a lower frame member 11 A and an upper frame 

10 member 11 B each composed of a resin moid by adhe- 
sion. The lower frame member 11 A and the upper frame 
member 11 B respectively have main surfaces opposite 
to each other. An electrically conducting heat sink 3, a 
transmission type three-beam generating diffraction 

15 grating 6, a transmission type holographic optical ele- 
ment 7, and a reflecting mirror 12 is mounted on the 
main surface of the lower frame member 11 A. Further, 
a photodiode 4a for beam power monitoring is provided 
in its inner part of the upper surface of the electrically 

20 conducting heat sink 3. A photodiode 4b for delecting 
returned light reflected by the reflecting mirror 12 is 
mounted on the main surface of the upper frame mem- 
ber 11B. 

The semiconductor laser device 5 is mounted on a 

25 main surface of the electrically conducting heat sink 3. 
The transmission type three-beam generating diffrac- 
tion grating 6 has a diffraction grating surface 6a com- 
posed of concavities and convexities at an equal period 
on its surface on the side of the semiconductor laser de- 

30 vice 5 ahead of the semiconductor laser device 5, and 
divides laser light emitted from the semiconductor laser 
device 5 into zero-order and ± 1 st-order diffracted light 
beams and emits the diffracted light beams. 

The transmission type holographic optical element 

35 7 is so fixed as to be opposite to the transmission type 
three-beam generating diffraction grating 6 on the light 
emission side of the transmission type three-beam gen- 
erating diffraction grating 6. The transmission type ho- 
lographic optical element 7 is constituted by a transpar- 

^0 ent substrate having a holographic functional surface 7a 
composed of a group of curves whose concavities and 
convexities are at a gradually changed period on its sur- 
face on the side of the transmission type three-beam 
generating diffraction grating 6. 

45 in the above-mentioned optical pickup device, the 
direction of emission of the laser light from the semicon- 
ductor laser device 5 is a direction (the z-axis direction) 
which is perpendicular lo the direction in which the lower 
frame member 11 B and the upper frame member 11 A 

50 are opposite to each other. Further, a detecting region 
of the photodiode 4b (a light receiving surface) is formed 
in a direction approximately parallel to a y-z plane per- 
pendicular to the direction in which the lower frame 
m mber 11 A and the upper frame member 11 B are op- 

55 posite to each other. 

Figs. 6A and 6B illustrate a detecting region of a 
photodiode 4b. As shown in Fig. 6A, when the direction 
of diffraction by the transmission type three-beam gen- 
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Grating diffraction grating 6 is the y-axis direction, a de- 
tecting region 41 on which a returned light beam based 
on the zero-order diffracted light beam is incident and 
split regions 42 on which two returned light beams 
based on the + 1st-order light beams are respectively 
incident on both sides of the detecting region 41 are ar- 
ranged in the y-axis direction. On the other hand, as 
shown in Fig. 6B, when the direction of diffraction by the 
transmission type three-beam generating diffraction 
grating 6 is the x-axis direction, the split regions 42 on 
which the returned light beams based on the ± 1 st-order 
diffracted light beams are respectively incident in the z- 
axis direction are arranged on both sides of the detect- 
ing region 41 on which the returned light beam based 
on the zero-order diffracted light beam is incident. 

The lower frame member 11 A is provided with a 
lead frame 1 31 for outputting a signal from the photodi- 
ode 4a, a lead frame 1 32 for supplying powertothe sem- 
iconductor laser device 5, and a lead frame 133 for 
grounding, for example, which is common to the photo- 
diode 4a and the semiconductor laser device 5. The 
electrically conducting heat sink 3 is put on the lead 
frame 1 33. One end of each of the lead frames 131 , 132 
and 133 is fixed to the lower frame member 11 A, and 
the other end thereof projects outward from the lower 
frame member 11 A. 

The upper frame member 1 1 B is provided with a plu- 
rality of lead frames 141 for outputting signals from di- 
vided detecting regions of the photodiode 4b and a lead 
frame 1 42 for grounding, for example, which is common 
to the detecting regions of the photodiode 4b. The pho- 
todiode 4b is put on the lead frame 1 42. One end of each 
of the lead frames 141 and 142 is fixed to the upper 
frame member 11 B, and the other end thereof projects 
outward from the upper frame member 11 B. 

The optical pickup device has a housing connected 
to the above-mentioned light emitting and receiving unit. 
A reflecting mirror for changing the direction of the op- 
tical axis of laser light between the transmission type 
holographic optical element 7 and an optical recording 
medium and an objective lens for focusing the laser light 
on the surface of the optical recording medium are 
mounted on the housing. 

Fig. 7 is a side view showing a state where the laser 
light travels in the optical pickup device, and Fig. 8 is a 
plan view showing a state where the laser light travels 
in the optical pickup device. In the optical pickup device, 
the laser light oulpulled from a front facet of the semi- 
conductor laser device 5 is divided into three zero-order 
and ± 1 st-order diffracted light beams by the transmis- 
sion type three-beam generating diffraction grating 6, af- 
ter which the three diffracted light beams are incident 
on the transmission typo holographic optical element 7. 
The three diffracted light beams passing through the 
transmission type holographic optical element 7 are re- 
flected upward by the reflecting mirror 8, and ar then 
focused as a main spot and two sub-spots on the optical 
recording medium 1 by the light-focusing function of the 
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objective lens 9. 

The three diffracted light beams focused as the 
main spot and the sub-spots on the optical recording 
medium 1 are reflected as three returned light beams 
5 including information recorded on the optical recording 
medium 1 , are reflected by the reflecting mirror 8 after 
passing through the objective lens 9, and are then inci- 
dent on the transmission type holographic optical ele- 
ment 7. 

10 The three returned light beams passing through the 
transmission type holographic optical element 7 by 1 st- 
order (or - 1 st-order) diffraction pass on the right side or 
the left side of the diffraction grating surface 6a of the 
transmission type three-beam generating diffraction 

15 grating 6, are then reflected upward by the reflecting mir- 
ror 12, and are incident on the photodiode 4b. The re- 
turned light beams incident on the photodiode 4b are 
converted into electric signals, and the electric signals 
are outputted from the lead frames 1 41 . The information 

20 recorded on the optical recording medium is subjected 
to reproduce, tracking servo and focusing servo on the 
basis of the outputted electric signals. 

In the light emitting and receiving unit of the optical 
pickup device according to the first embodiment, the 

2S lead frames 131, 132 and 133 which are connected to 
the semiconductor laser device 5 and the photodiode 
4a are provided in the lower frame member 11 A, and 
the lead frames 141 and 142 which are connected to the 
photodiode 4b are provided in the upper frame member 

30 11 B. Specifically, the lead frames 131 to 133 and the 
lead frames 141 and 142 are not flush with each other 
but provided in different frame portions which differ in 
height in the x-axis direction. Therefore, the necessity 
of increasing the widths of the lower frame member 11 A 

35 and the upper frame member 1 1 B in order to provide the 
lead frames is eliminated, so that it is possible to de- 
crease the width of a case of the light emitting and light 
receiving unit of the optical pickup device. 

The light emitting and receiving unit of the optical 

40 pickup device can be so positioned that the returned 
light beams are incident on the most suitable positions 
of the photodiode 4b by being moved along a joint sur- 
face between the lower frame member 11 A and the up- 
per frame member 11B. After the positioning, the light 

45 emitting and receiving unit of the optical pickup device 
is fabricated upon fixing the lower frame member 11 A 
and the upper frame member 11 B by adhesion. There- 
fore, the necessity of providing a moving mechanism in 
the reflecting mirror 1 2 for introducing the returned light 

so beams into the photodiode 4b is eliminated, so that a 
mounting structure of the reflecting mirror 12 is simpli- 
fied. Therefore, it is possible to decrease the thickness 
(the width in the x-axis direction) of the case comprising 
the lower frame member 11 A and the upper frame mem- 

ss ber11B. 

In the optical pickup device according to the first 
embodiment, the reflecting mirror 8 may be integrated 
upon being provided on the main surface of the lower 
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frame member 1 1 A, as shown in Fig. 9. Also in this case, 
the same effect can be obtained. 

(2) Second Embodiment 

Figs. 10 to 15 illustrate the construction of a light 
emitting and receiving unit of an optical pickup device 
according to a second embodiment. The optical pickup 
device according to the second embodiment is the same 
as the optical pickup device according to the first em- 
bodiment in construction relating to the path of travel of 
laser light emitted from a semiconductor laser device. 
Therefore, the same optical components as those in the 
first embodiment are assigned the same reference nu- 
merals. 

The light emitting and receiving unit of the optical 
pickup device according to the second embodiment has 
a case constructed by fixing a lower frame member 1 5A, 
an upper frame member 15B, and a holographic holding 
member 15C by adhesion. An electrically conducling 
heat sink 3, a transmission type three-beam generating 
diffraction grating 6, and a reflecting mirror 12 are 
mounted on a recess in the center of the lower frame 
member 15A. A photodiode 4a for laser power monitor- 
ing (not shown) and a semiconductor laser device 5 arc 
mounted on the upper surface of the electrically con- 
ducting heat sink 3. Further, a photodiode 4b for detect- 
ing returned light reflected by the reflecting mirror 12 is 
mounted on the upper frame member 1 5B. 

Furthermore, in the optical pickup device according 
to the second embodiment, a transmission type holo- 
graphic optical element 7 is fixed to a lower end of the 
holographic holding member 15C. 

The lower frame member 15A is provided with a 
lead frame 1 31 for outputting power from the photodiode 
4a, a lead frame 1 32 for supplying power to the semi- 
conductor laser device 5, and a lead frame 133 for 
grounding, for example, which is common to the photo- 
diode 4a and the semiconductor laser device 5. One end 
of each of the lead frames 131 , 1 32 and 133 is fixed to 
the lower frame member 1 5A, and the other end thereof 
projects outward from the lower frame member 15A. 

The upper frame member 15B is provided with a 
plurality of lead frames 141 lor respectively outputting 
signals from divided detecting regions of the photodiode 
4b and a lead frame 142 for grounding, for example, 
which is common to the detecting regions of the photo- 
diode 4b. One end of each of Ihe lead frames 141 and 
142 is fixed to the upper frame member 15B, and the 
other end thereof projects outward from the upper frame 
member 15B. 

The lower frame member 15A and the upper frame 
mombor 15B are integrated by fixing a joint surface 
1 51 A of the lowerf rame member 1 5A and a joint surface 
1 51 B of the upper frame member 1 5B by adhesion. Fur- 
ther, the lower frame member 15A and the holographic 
holding member 15C are integrated by fixing the joint 
surface 1 51 A of the lower frame member 1 5A and a joint 



surface 151C of the holographic holding member 15C 
by adhesion. 

When the lower frame member 15A and the upper 
frame member 15B are integrated, they are formed so 

5 as to be movable in a two-dimensional manner along 
the joint surfaces 1 51 A and 1 51 B. 

When respective joint surfaces 152A and 152C of 
the lower frame member 1 5A and the holographic hold- 
ing member 1 5C are integrated, the holographic holding 

io member 15C is formed so as to be movable in a one- 
dimensional manner in the direction of light emission of 
laser light (the z-axis direction in Fig. 14) along a guide 
surface 153A of the upper frame member 15A. 

When the lower frame member 15A and the upper 

75 frame member 15B are fixed by adhesion, therefore, 
they are joined to each other after being positioned while 
being finely adjusted along a plane such that the position 
of the upper frame member 15B is its most suitable po- 
sition with respect to the lower frame member 1 5A. Con- 

20 sequenlly, the position where returned light from an op- 
tical recording medium is incident on the photodiode 4b 
is adjustable in a two-dimensional manner along a plane 
(a y-z plane). 

When the lower frame member 15A and the holo- 

25 graphic holding member 15C aro fixed by adhesion, 
they are joined to each other after being positioned while 
being finely adjusted in the direction of incidence and 
emission of the laser light such that the position of the 
holographic holding member 1 5C is its most suitable po- 

30 sition with respect to the lower frame member 1 5A. Con- 
sequently, it is possible to adjust in a one-dimensional 
manner the position where the returned light from the 
optical recording medium is incident on the photodiode 
4b, that is, the position of the focus in the direction in 

35 which the lower frame member 1 5A and the upper frame 
member 15B are opposite to each other. 

Also in the optical pickup device according to the 
second embodiment, the path of travel of the laser light 
is the same as that in the first embodiment described 

^o using Figs. 7 and 8. That is, the laser light outputted from 
a front facet of the semiconductor laser device 5 is di- 
vided into zero-order and ± 1st-order diffracted light 
beams by the transmission type three-beam generating 
diffraction grating 6, after which the three diffracted light 

45 beams are incident on the transmission type holograph- 
ic optical element 7. The three diffracted light beams 
passing through the transmission type holographic op- 
tical element 7 are reflected upward by a reflecting mir- 
ror 8, and are then focused as a main spot and two sub- 

50 spots on an optical recording medium by the light-focus- 
ing function of an objective lens 9. 

The three diffracted light beams focused as the 
main spot and tho sub-spots on the optical recording 
medium are r fleeted as three returned light beams in- 

55 eluding information recorded on the optical recording 
medium, are reflected by the reflecting mirror 8 through 
the objective lens 9, and are incident on the transmis- 
sion type holographic optical element 7. 
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The three returned light beams passing through the 
transmission type holographic optical element 7 by 1st- 
order (or - 1st-order) diffraction pass on the right side or 
the left side of the diffraction grating surface 6a of the 
transmission type three-beam generating diffraction 
grating 6, are then reflected upward by the reflecting mir- 
ror 8, and are incident on the photodiode 4b. 

The returned light beams incident on the photodi- 
ode 4b are converted into electric signals, and the elec- 
tric signals are outputted from the lead frames 1 41 . The 
information recorded on the optical recording medium 
is subjected to playback, tracking servo and focusing 
servo, as is well known. 

Also in the optical pickup device according to the 
second embodiment, the lead frames 1 31 , 1 32 and 1 33 
which are connected to the semiconductor laser device 
5 and the lead frames 1 41 and 1 42 which are connected 
to the photodiode 4b are not flush with each other but 
respectively provided in the lower frame member 1 5A 
and the upper frame member 1 5B which differ in height. 
Therefore, the necessity of making the case wider is 
eliminated, as compared with that in a case where the 
lead frames are flush with each other, so that it is pos- 
sible to miniaturize the optical pickup device. 

When the upper frame member 15B and the holo- 
graphic holding member 15C are fixed to the lower 
frame member 1 5A by adhesion, they are fixed by ad- 
hesion after being positioned upon relatively moving the 
lower frame member 1 5A and the upper frame member 
1 5B along the joint surfaces 1 51 A and 1 51 B and rela- 
tively moving the lower frame member 1 5A and the ho- 
lographic holding member 15C along the joint surfaces 
152A and 152C and the guide surface 153A. Conse- 
quently, the photodiode 4b can be so adjusted that the 
returned light beams from the optical recording medium 
are incident on its most suitable positions for incidence 
and its most suitable positions for focusing. 

(3) Third Embodiment 

Figs. 16 to 20 illustrate an optical pickup device ac- 
cording to a third embodiment. The optical pickup device 
according to the third embodiment differs from the opti- 
cal pickup device according to the second embodiment 
in the structures of lead frames. The same components 
as those in the optical pickup device according to the 
second embodiment are assigned the same reference 
numerals. 

In a light emitting and receiving unit of the optical 
pickup device according to the third embodiment, a case 
is constituted by a lower frame member 15A, an upper 
frame member 1 5B, and a holographic holding member 
15C. An electrically conducting heat sink 3, a transmis- 
sion type three-beam generating diffraction grating 6, 
and a reflecting mirror 1 2 are mounted on a main surface 
of the lower frame member 15A. The reflecting mirror 
12 reflects returned light from an optical recording me- 
dium upward. A photodiode 4a for laser power monitor- 
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ing is provided on the upper surface of the electrically 
conducting heat sink 3, and a semiconductor laser de- 
vice 5 is mounted thereon. A photodiode 4b for detecting 
the returned light reflected by the reflecting mirror 12 is 

5 provided on a main surface of the upper frame member 
1 5B. Further, a transmission type holographic optical el- 
ement 7 is fixed to the holographic holding member 1 5C. 

As shown in Fig. 20, the optical pickup device com- 
prises a housing 17 connected to the light emitting and 

10 receiving unit. The housing 17 has a recess 17a receiv- 
ing the light emitting and receiving unit, and a reflecting 
mirror 8, an objective lens 9 and an actuator 1 8 for driv- 
ing the objective lens 9 are mounted on the housing 17. 
As shown in Fig, 19, the lower frame member 15A 

is is provided with a lead frame 1 31 for outputting a signal 
from the photodiode 4a, a lead Irame 1 32 for supplying 
power to the semiconductor laser device 5, and a lead 
frame 133 for grounding, for example, which is common 
to the photodiode 4a and the semiconductor laser de- 

20 vice 5. One end of each of the lead frames 131 to 133 
is fixed to the lower frame member 15A, and the other 
end thereof projects outward from the lower frame mem- 
ber 15A. Further, the lead frame 133 has a heat radiating 
portion 16 projecting outward from a side surface of the 

2S lower frame member 15A. 

The semiconductor laser device 5 is arranged on 
the upper surface of the lead frame 133 through the heat 
sink 3. The semiconductor laser device 5 generates 
heat at the time of light output, so that the generated 

30 heat must be discharged. Therefore, the heat sink 3 is 
provided. The heat from the semiconductor laser device 
5 is conducted to the lead frame 133 through the heat 
sink 3, and is further radiated outward from the heat ra- 
diating portion 16. 

35 in Fig. 20, the housing 17 has the recess 17a re- 
ceiving the light emitting and receiving unit. The heat 
radiating portion 16 in the light emitting and receiving 
unit is so mounted as to be brought into contact with a 
contact surface 17b formed in the recess 17a. Conse- 
co quently, the heat conducted to the heat radiating portion 
16 from the semiconductor laser device 5 is conducted 
to the housing 1 7 through the contact surface 1 7b. Con- 
sequently, the heat from the semiconductor laser device 
5 is moved toward the housing 17, so that the semicon- 

45 ductor laser device 5 is cooled. 

The upper frame member 15B is provided with a 
plurality of lead frames 141 for outputting signals from 
respective divided delecting regions of the photodiode 
4b and a lead frame 142 for grounding, for example, 

50 which is common to the respective detecting regions. 
One end of each of the lead frames 141 and 1 42 is fixed 
to the upper frame member 15B, and the other end 
thereof projects outward from the upper frame member 
15B. 

55 

(4) Fourth Embodiment 

Fig. 21 illustrates the cross-sectional structure of a 
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light emitting and receiving unit of an optical pickup de- 
vice according to a fourth embodiment, and Fig. 22 il- 
lustrates an upper frame member 15B. The optical pick- 
up device according to the fourth embodiment differs 
from the optical pickup device according to the third em- £ 
bodiment in the structure of the upper frame member 
15B. 

The upper frame member 15B is formed of an 
opaque insulating material, for example, plastics or ce- 
ramics. A recess 1 9 is formed in the center of the lower io 
surface of the upper frame member 1 5B, and respective 
ends of lead frames 141 and 142 are exposed in the 
recess 19. A photodiode 4b is mounted on the end of 
the lead frame 142. The photodiode 4b and each of the 
lead frames 141 and 142 are electrically connected to is 
each other by a wire. The recess 19 in which the pho- 
todiode 4b is arranged is filled with transparent thermo- 
setting resin such as acrylic resin. Consequently, the 
photodiode 4b and a wire connecting portion between 
the photodiode 4b and each of the lead frames 141 and 20 
142 are protected by a coating portion 20 composed of 
transparent thermosetting resin. 

Therefore, at the time of assembling the upper 
frame member 15B, the wire connecting portion of the 
photodiode 4b is prevented from being fractured by the 25 
contact with foreign matter. Further, moisture is prevent- 
ed from entering, so that the humidity resistance of the 
photodiode 4b is improved. 

Furthermore, the transparent thermosetting resin 
transmits returned light reflected from a reflecting mirror 30 
12. Consequently, it is possible to sufficiently introduce 
the returned light into a detecting region of the photodi- 
ode 4b. 

Not only the coating portion 20 in the upper frame 
member 15B but also the entire upper frame member 3S 
15B may be formed of the transparent thermosetting 
resin or the like. 

(5) Fifth Embodiment 

40 

Figs. 23 to 28 illustrate a light emitting and receiving 
unit of an optical pickup device according to a fifth em- 
bodiment. The optical pickup device according to the 
fifth embodiment has a case constructed by tjxing a low- 
er frame member 21 A, an upperframe member 21 Band 45 
a holographic holding member 23C each composed of 
a resin mold by adhesion. The lower frame member 21 A 
comprises a first supporting portion 22 in which a sem- 
iconductor laser device 5 and the like are arranged and 
a second supporting portion 23 in which the holographic so 
holding member 21 C is arranged. The first supporting 
portion 22 is constituted by a bottom surface comprising 
an upper supporting surface 22a, an inclined surface 
22b and a lower supporting surface 22c, and a side sur- 
face surrounding its periphery. The upper supporting ss 
surface 22a is formed in a position vertically above the 
lower supporting surface 22c, and an electrically con- 
ducting heat sink 3 is arranged on the surface thereof 
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through a lead frame 133. The semiconductor laser de- 
vice 5 is arranged on the upper surface of the electrically 
conducting heat sink 3. 

A transmission type three-beam generating diffrac- 
tion grating 6 is arranged on the lower supporting sur- 
face 22c. The three-beam generating diffraction grating 
6 has a diffraction grating surface 6a composed of con- 
cavities and convexities at an equal period formed on 
its surface on the side of the semiconductor laser device 
5, and divides laser light emitted from the semiconductor 
laser device 5 into three zero-order and ± 1st-order dif- 
fracted light beams and emits the diffracted light beams. 

The second supporting portion 23 in the lowerf rarne 
member 21 A is so formed as to be narrower than the 
first supporting portion 22. A bottom surface 23a and 
both side surfaces constitute a housing portion for hold- 
ing the holographic holding member 21 C. 

The holographic holding member 21 C has a trans- 
mission type holographic optical element 7 in its inner 
part. The holographic holding member 21 C is mounted 
on the second supporting portion 23, and is moved 
along the z-axis, so that the position of the transmission 
type holographic optical element 7 is adjusted. 

The lower frame member 21 A is provided with a 
lead frame 1 31 for outputting a signal from a photodiode 
4a, a lead frame 132 for supplying power to the semi- 
conductor laser device 5, and a lead frame 133 for 
grounding : for example, which is common to the photo- 
diode 4a and the semiconductor laser device 5. An end 
of each of the lead frames 131 to 133 projects outward 
from the lower frame member 21 A. 

The upper frame member 21 B is provided with a 
plurality ol lead frames 141 for respectively outputting 
signals from divided detecting regions of the photodiode 
4b and a lead frame 142 for grounding, for example, 
which is common to the detecting regions. Further, the 
upper frame member 21 B is so formed as to cover the 
upper surface of the first supporting portion 22 in the 
lower frame member 21 A, and has a vertical surface 
21 OB. An end of each of the lead frames 141 and 142 
is arranged along a horizontal surface 21 1 B in the upper 
frame member 21 B, and its leading end is folded along 
the vertical surface 21 OB. The photodiode 4b is mount- 
ed on a folded leading end 142a of the lead frame 142. 
Consequently, the detecting regions of the photodiode 
4b are arranged in a vertical direction. Further, the pho- 
todiode 4b is electrically connected to the ends of the 
plurality of lead frames 141 and 142 by wires 143. The 
end of each of the lead frames 141 and 142 projects 
outward from the upper frame member 21 B. 

In the optical pickup device having the light emitting 
and receiving unit, the laser light outputted from a front 
facet of the semiconductor laser device 5 is divided into 
thr e zero-order and ± 1st-order diffracted light beams 
by the transmission type three-beam generating diffrac- 
tion grating 6, after which the diffracted light beams are 
incident on the transmission type holographic optical el- 
ement 7. The three diffracted light beams passing 
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through the transmission type holographic optical ele- 
ment 7 are reflected upward by a reflecting mirror (not 
shown), and are focused as a main spot and two sub- 
spots on an optical recording medium using the light- 
focusing function of an objective lens (not shown). 

The three diffracted light beams focused as the 
main spot and the two sub-spots on the optical recording 
medium are reflected as three returned light beams in- 
cluding information recorded on the optical recording 
medium, are reflected by the reflecting mirror through 
the objective lens, and are incident on the transmission 
type holographic optical element 7. 

The three returned light beams passing through the 
transmission type holographic optical element 7 by 1st 
(or - 1st)-order diffraction pass above the diffraction 
grating surface 6a of the transmission type three-beam 
generating diffraction grating 6, and are then incident on 
the photodiode 4b mounted on the vertical surface 21 OB 
in the upper frame member 21 B. The returned light 
beams incident on the photodiode 4b are converted into 
electric signals, and the electric signals are outputted 
from the lead frames 141 . The information recorded on 
the optical recording medium is subjected to repro- 
duced, tracking servo and focusing servo on the basis 
of the outputted electric signals. 

(6) Sixth Embodiment 

In Fig. 29 : an optical pickup device according to a 
sixth embodiment comprises a light emitting and receiv- 
ing unit 30 formed as a unit by a semiconductor laser 
device 5, a three-beam generating diffraction grating 6, 
a transmission type holographic optical element 7, and 
the like, a reflecting mirror 8, and a condenser lens 9. 

In Figs. 29 to 32, the light emitting and receiving unit 
30 is constructed by joining a lower frame member 31 A, 
an upper frame member 31 B and a holographic holding 
member 31 C each composed of a resin mold to each 
other. 

The lower frame member 31 A comprises a first sup- 
porting portion 32 in which a semiconductor laser device 
5 and the like are arranged and a second supporting 
portion 33 in which the holographic holding member 31 C 
is arranged. The first supporting portion 32 is constituted 
by a bottom surface comprising an upper supporting 
surface 32a, an inclined surface 32b and a lower sup- 
porting surface 32c, and a side surface surrounding its 
periphery. The upper supporting surface 32a is formed 
in a position vertically above the lower supporting sur- 
face 32c, and an electrically conducting heat sink 3 is 
arranged on the surface thereof through a lead frame 
133. The semiconductor laser device 5 is arranged on 
the upper surface of tho electrically conducting heat sink 
3. 

The semiconductor laser device 5 is so arranged 
that the direction of emission of laser light is approxi- 
mately parallel to the upper supporting surface 32a. A 
reflecting mirror 1 2 is arranged beside the semiconduc- 
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tor laser device 5. The reflecting mirror 12 reflects re- 
turned light from an optical recording medium 1 vertical- 
ly upward. The transmission type three-beam generat- 
ing diffraction grating 6 is arranged on the lower sup- 

5 porting surface 32c. The three-beam generating diffrac- 
tion grating 6 has a diffraction grating surface 6a com- 
posed of concavities and convexities at an equal period 
formed on its surface on the side of the semiconductor 
laser device 5, and divides the laser light emitted from 

10 the semiconductor laser device 5 into three zero-order, 
+ 1st-order and - 1st-order diffracted light beams and 
emits the diffracted light beams. 

The second supporting portion 33 in the lower frame 
member 31 A is so formed as to be narrower than the 

15 first supporting portion 32 : and a bottom surface 34 and 
both side surfaces constitute a housing portion for hold- 
ing the holographic holding member 31 C. Further, a 
notch 35 is formed at a leading end of the bottom surface 
34. The notch 35 performs a lunction as described later, 

20 and the shape thereof is not particularly limited. 

The holographic holding portion 31 C has the trans- 
mission type holographic optical element 7 in its inner 
part. The holographic holding member 31 C is mounted 
on the second supporting portion 33, and is moved 

25 along the z-axis, so that tho position of the transmission 
type holographic optical element 7 is adjusted. 

The upper frame member 31 B is formed in the 
shape of a flat plate covering the upper surface of the 
first supporting portion 32 in the lower frame member 

30 31 A, and has a supporting surface 310a approximately 
parallel to the upper supporting surface 32a of the lower 
frame member 32. A photodiode 4b is arranged on the 
supporting surface 310a through a lead frame 142. Fur- 
ther, a plurality of lead frames 141 and 142 electrically 

35 connected to the photodiode 4b are arranged in the vi- 
cinity of the photodiode 4b. 

In the fabricating steps of the optical pickup device 
having the above-mentioned structure : the inspection of 
the light output characteristics of the semiconductor la- 

40 ser device 5 is made. Fig. 33 is an explanatory view 
showing the step of inspecting semiconductor laser de- 
vice. The semiconductor laser device 5 is inspected in 
a state where the electrically conducting heat sink 3, the 
semiconductor laser device 5, and lead frames 131 to 

45 133 are arranged. Laser light emitted from the semicon- 
ductor laser device 5 is incident on a light receiving sur- 
face of an inspecting device arranged in a predeter- 
mined position ahead of the semiconductor laser device 
5, to detect a far-field image of the laser light. Further, 

50 a light output characteristics of the laser light, the shift 
in position for light emission of the laser light, and the 
like are detected on the basis of the far-field pattern. 

Whon laser light B is emitted from the semiconduc- 
tor laser device 5, the optical axis of the laser light B 

55 travels in a direction approximately parallel to the upper 
supporting surface 32a. Further, the laser light B has the 
shape of an ellipse in cross section having a major axis 
in a vertical direction (the x-axis direction), and is en- 



EP0 851 414 A2 



13 



25 



EP0 851 414 A2 



26 



larged as it travels. Consequently, a lower end of the 
laser light B approaches the bottom surface 34 of the 
second supporting portion 33 in the lower frame mem- 
ber 31 A along the direction of light emission. On the oth- 
er hand, the notch 35 is formed at the leading end of the 
bottom surface 34 of the second supporting portion 33. 
Consequently, the laser light B diffused in the x-axis di- 
rection (the - x-axis direction) travels upon passing 
through the notch 35, and is prevented from being inter- 
rupted by the bottom surface 34 of the second support- 
ing portion 33. 

Therefore, it is possible to obtain an accurate far- 
field pattern FFP on the light receiving surface of the 
inspecting device arranged ahead of the semiconductor 
laser device 5 in the direction of emission of the laser 
light. An accurate half-width W and an accurate peak 
position P are obtained on the basis of the detected far- 
field image FFP, so that it is possible to accurately meas- 
ure and detect the light output characteristics and the 
shift in position in the direction of light emission of the 
semiconductor laser device 5. 

In the lower frame member 31 A, the upper support- 
ing surface 32a of the first supporting portion 32 is 
formed in a position vertically above the bottom surface 
34 of the second supporting portion 33 in addition to the 
provision of the notch 35. Consequently, a region where 
the laser light B emitted from the semiconductor laser 
device 5 interferes with the bottom surface 34 of the sec- 
ond supporting portion 33 is narrowed, reducing the 
notch 35. 

Furthermore, the inclined surface 32b is provided 
between the upper supporting surface 32a and the lower 
supporting surface 32c, whereby a step is formed be- 
tween the upper supporting surface 32a and the lower 
supporting portion 32c, to prevent the laser light B from 
interfering therebetween. 

(7) Seventh Embodiment 

Description is now made of an optica! recording me- 
dium driving apparatus using each of the optical pickup 
devices according to the first to sixth embodiments. As 
shown in Fig. 34, an optical recording medium driving 
apparatus 50 has a motor 55 for rotating an optical re- 
cording medium 1 and a rotation control system 56 for 
controlling the operation of the motor 55. An optical pick- 
up device 40 is arranged on the lower surface of the op- 
tical recording medium 1. In the optical pickup device 
40, its position for detection is moved along the radius 
of the optical recording medium 1 by a feed motor 51. 
The operation of the feed motor 51 is controlled by a 
feed motor control system 52. Further, the operation of 
the optical pickup device 40 is controlled by a pickup 
control system 53, and a detection signal from the opti- 
cal pickup device 40 is processed by a signal processing 
system 54. The operation of each processing system of 
the optical recording medium driving apparatus 50 is 
controlled by a drive controller 57. 



The optical recording medium driving apparatus 50 
is connected to a recording and reproduction device 
through a drive interface 58, to perform information re- 
production processing and the like based on the detec- 
s tion signal. It is possible to accurately read out informa- 
tion from the optical recording medium by using each of 
the optical pickup devices according to the first to sixth 
embodiments for the optical recording medium driving 
apparatus 50. 

10 The notch 35 in the lower frame member 31 A in the 
above-mentioned sixth embodiment may be provided in 
each ol the lower frame members in the optical pickup 
devices according to the first to fifth embodiments. Con- 
sequently, it is possible to accurately make the output 

*5 inspection of the semiconductor laser device in the 
steps of fabricating the optical pickup device. 

The heat radiating portion provided in the lead 
frame in the optical pickup device according to the third 
embodiment may be provided in the corresponding lead 

20 frame in the optical pickup device according to the other 
embodiment. This makes it possible to prevent the tem- 
perature from being raised by heat generation of the 
semiconductor laser device at the time of operating the 
semiconductor laser device. 

25 Furthermore, the coating portion 20 and tho upper 
frame member 15B each composed of a transparent 
material in the optical pickup device according to the 
fourth embodiment are applicable to the upper frame 
members in the first to third embodiments and the fifth 

30 and sixth embodiments. Consequently, it is possible to 
protect a region in the vicinity of the photodiode. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 

35 not to be taken by way of limitation. 

Claims 

1. An optical pickup device comprising: 

a first supporting member; 
a second supporting member arranged on said 
first supporting member; 
45 a first lead frame member provided in said first 

supporting member; 

a second lead frame member provided in said 

second supporting member; 

a light source provided on said first supporting 

50 member and electrically connected to said first 

lead frame member for emitting light; and 
a photodetector provided in said second sup- 
porting member and electrically connectod to 
said second lead frame m mber for detecting 

55 returned light based on the light emitted from 

said light sourc . 

2. The optical pickup device according to claim 1, 
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wherein 



said first supporting member has a first surface, 

said second supporting member has a second 

surface opposite to said first surface so as to 

be approximately parallel thereto. 

said light source is so arranged as to emit the 

light in a direction parallel to said first surface, 

and 

said photodetector is so arranged as to receive 
said returned light incident thereon in a direc- 
tion parallel to said second surface. 
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9. 



ends of said first and second supporting mem- 
bers, and 

said respective projections of said first and sec- 
ond lead frame members project from the other 
ends of said first and second supporting mem- 
bers. 

The optical pickup device according to claim 8, 
wherein 

said first lead frame member further has a 
heat radiating portion projecting from a side surface 
of said first supporting member. 



3. The optical pickup device according to claim 2, 10. The optical pickup device according to claim 1, 
wherein is wherein 



8. 



said first supporting member and said second 
supporting member respectively have joint sur- 
faces parallel to said first surface, and 
said firsl supporting member and said second 
supporting member are joined to each other so 
as to be relatively movable along said joint sur- 
faces at the time of assembling. 

The optical pickup device according to claim 2, 
wherein 

said first lead frame member is so arranged as 
to be parallel to said first surface, and 
said second lead frame member is so arranged 
as to be parallel to said second surface. 

The optical pickup device according to claim 2, fur- 
ther comprising 

a reflecting member arrnged on said first sup- 
porting member for reflecting and guiding said re- 
turned light to said photodetector. 

The optical pickup device according to claim 1, 
wherein 

said first lead frame member has a projection 
projecting from said first supporting member, 
and 

said second lead frame member has a projec- 
tion projecting from said second supporting 
member. 

The optical pickup device according to claim 6, 
wherein 

the projection of said first lead frame member 
and the projection of said second lead frame mem- 
ber project in the same direction. 

The optical pickup device according to claim 6, 
wherein 
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said light source is mounted on said first lead 
frame member, and 

said photodetector is mounted on said second 
lead frame member. 

11. The optical pickup device according to claim 1 , fur- 
ther comprising 

a heat sink arranged on said first lead frame 
member. 

12. The optical pickup device according to claim 11, 
wherein . ■ 

said light source is a semiconductor laser de- 
vice arranged on said heat sink. 

13. The optical pickup device according to claim 2, 
wherein 

said photodetector has a light receiving surface 
receiving said returned light, and 
said light receiving surface is so arranged as to 
be parallel to the direction of light emission from 
said light source. 

14. The optical pickup device according to claim 13, 
wherein 

said second supporting member has a covering 
portion for covering said photodetector, and 
at least said covering portion of said second 
supporting member is composed of a transpar- 
ent material. 



so 15. The optical pickup device according to claim 13, 
wherein 

said light source is mounted on said first load 
frame member, and 
ss said photodetector is mounted on said second 

lead frame memb r. 
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said light source emits light from respective one 



16. The optical pickup device according to claim 15, 
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wherein 

said light source is a semiconductor laser de- 
vice for emitting laser light. 

1 7. The optical pickup device according to claim 1 6, tur- 5 
ther comprising 

a first diffraction element arranged on the light 
emission side of said semiconductor laser de- 
vice for diffracting returned light based on the to 
laser light emitted from said semiconductor la- 
ser device, and 

an optical system for guiding said returned light 
diffracted by said first diffraction element into 
said photodetector. 15 

1 8. The optical pickup device according to claim 1 7, fur- 
ther comprising 

a third supporting member mounted on said 20 
first supporting member, 
said first diffraction element is mounted on said 
third supporting member. 

19. The optical pickup device according to claim 18, 2s 
wherein 

said first supporting member has a guide sur- 
face for guiding said third supporting member such 
that said first diffraction element is movable in the 
direction of light emission from said semiconductor 30 
laser device. 

20. The optical pickup device according to claim 17, 
wherein 

said first diffraction element is arranged on 35 
said first surface of said first supporting member 

21. The optical pickup device according to claim 17, 
wherein 

said first diffraction element is a transmission 40 
type holographic optical element. 

22. The optical pickup device according to claim 1 7, fur- 
ther comprising 

a second diffraction element arranged be- 45 
tween said semiconductor laser device and said 
first diffraction element for dividing the laser light 
emitted from said semiconductor laser device into 
a plurality of light beams. 

so 

23. The optical pickup device according to claim 22, fur- 
ther comprising 

a focusing olomont for focusing the laser light 
emitted from said semiconductor laser d vice on an 
optical recording medium. 55 

24. The optical pickup device according to claim 1 3, fur- 
ther comprising 



a reflecting member arranged on said first 
supporting member for reflecting and focusing said 
returned light to said light receiving surface of said 
photodetector. 

25. The optical pickup device according to claim 2, 
wherein 

said photodetector has a light receiving sur- 
face for receiving said returned light and is so ar- 
ranged as to be perpendicular to the direction of 
light emission from said light source. 

26. The optical pickup device according to claim 25, 
wherein 

said light source is mounted on said first lead 
frame member, and 

said photodetector is mounted on said second 
lead frame member. 

27. The optical pickup device according to claim 26, 
wherein 

said tight source is a semiconductor laser de- 
vice for emitting the laser light. 

28. The optical pickup device according to claim 27, 
wherein 

said second supporting member has a third sur- 
face perpendicular to the direction of light emis- 
sion from said semiconductor laser device, 
a folded portion folded along said third surface 
is formed at a leading end of said second lead 
frame member, and 

said photodetector is arranged in said folded 
portion of said second lead frame member 

29. The optical pickup device according to claim 28, fur- 
ther comprising 

a first diffraction element arranged on the light 
emission side of said semiconductor laser device 
for diffracting returned light based on the laser light 
emitted from said semiconductor laser device and 
focusing the returned light into said photodetector. 

30. The optical pickup device according to claim 29, fur- 
ther comprising 

a third supporting member mounted on said 
first supporting member, 
said diffraction element being mounted on said 
third supporting member 

31. The optical pickup device according to claim 29, 
wherein 

said first diffraction element is a transmission 
type holographic optical element. 
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32. The optical pickup device according to claim 29, fur- 
ther comprising 

a second diffraction element arranged be- 
tween said semiconductor laser device and said 
first diffraction element for dividing the laser light 
emitted from said semiconductor laser device into 
a plurality of light beams. 

33. The optical pickup device according to claim 32, fur- 
ther comprising 

a focusing element for focusing the laser light 
emitted from said semiconductor laser device on 
the optical recording medium. 

34. The optical pickup device according to claim 2, 
wherein 

said first supporting member has a flat shape 
parallel to said first surface. 

35. The optical pickup device according to claim 2, 
wherein 

a notch for passing the light emitted from said 
light source is formed at a leading end of said first 
supporting member in said direction of light emis- 
sion. 

36. The optical pickup device according to claim 35, fur- 
ther comprising 

a first diffraction element for diffracting returned 
light based on the light emitted from said iight 
source, and 

said leading end of said first supporting mem- 
ber has a supporting surface for supporting said 
first diffraction element. 

37. The optical pickup device according to claim 36, 
wherein 

said light source is a semiconductor laser de- 
vice, 

said semiconductor laser device emits laser 
light in the shape of an ellipse in cross section 
having a major axis in a direction perpendicular 
to said supporting surface, and 
said notch is provided on said supporting sur- 
face. 
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ber extending in th direction of light emission 
from said semiconductor laser device. 

39. The optical pickup device according to claim 38, fur- 
5 ther comprising 

a transmission type diffraction element for dif- 
fracting returned light based on the laser light 
emitted from said semiconductor laser device, 
10 said leading end of said first supporting mem- 

ber having a diffraction element supporting sur- 
face for supporting said transmission type dif- 
fraction element. 

is 40. The optical pickup device according to claim 39, 
wherein 

said semiconductor laser device emits laser 
light in the shape of an ellipse in cross section 
20 having a major axis in a direction perpendicular 

to said diffraction element supporting surface, 
and 

said notch is provided on said diffraction ele- 
ment supporting surface. 

2S 

41 . The optical pickup device according to claim 40, fur- 
ther comprising 

a second supporting member having a second 
30 supporting surface approximately parallel to 

said first supporting surface and joined to said 
first supporting member, 
a photodetector arranged on said second sup- 
porting surface of said second supporting 
35 member for receiving said returned light, and 

an optical system for guiding said returned light 
passing through said transmission type diffrac- 
tion element into said photodetector. 

40 42. An optical recording medium driving apparatus for 
optically reading out information from an optical re- 
cording medium, comprising: 

an optical pickup device for emitting light to said 
45 optical recording medium and receiving re- 

turned lightfrom said optical recording medium; 
a rotating mechanism lor rotating said optical 
recording medium; 

an optical pickup driving mechanism for moving 
said optical pickup device along the radius of 
said optical recording medium; and 
a processor for processing a signal outputted 
from said optical pickup device, 
said optical pickup device comprising 
a first supporting member, 
a second supporting member arranged on said 
first supporting member, 
a first lead frame member provided in said first 



38. An optical pickup device comprising: 

a semiconductor laser device for emitting laser 
light; and 

a first supporting member having a first sup- 
porting surface for supporting said semicon- 
ductor laser device, 

a notch for passing the laser light emitted from 
said semiconductor laser device being provid- 
ed at a leading end of said first supporting mem- 
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supporting member, 

a second lead frame member provided in said 
second supporting member, 
a light source provided in said first supporting 
member and electrically connected to said first s 
lead frame member for emitting light, and 
a photodetector provided in said second sup- 
porting member and electrically connected to 
said second lead frame member for detecting 
returned light based on the light emitted from 10 
said light source. 

43. An optical recording medium driving apparatus for 
optically reading out information from an optical re- 
cording medium, comprising: is 

an optical pickup device for emitting laser tight 
to said optical recording medium and receiving 
returned light from said optical recording medi- 
um; 

a rotating mechanism for rotating said optical 
recording medium; 

an optical pickup driving mechanism for moving 
said optical pickup device along the radius of 
said optical recording medium, and 
a processor for processing a signal outputted 
from said optical pickup device, 
said optical pickup device comprising 
a semiconductor laser device for emitting laser 
light, and 

a first supporting member having a first sup- 
porting surface for supporting said semicon- 
ductor laser device, 

a notch for passing the laser light emitted from 
said semiconductor laser device being provid- 
ed at a leading end of said first supporting mem- 
ber extending in the direction of light emission 
from said semiconductor laser device. 
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